Nano-fibrous poly(L-lactic acid) scaffolds with interconnected spherical macropores.
Biodegradable polymers have been used extensively as scaffolding materials to regenerate new tissues. These scaffolds should possess certain physical characteristics including a three-dimensional structure, high porosity with an interconnected pore structure, and a suitable surface structure for cell attachment, proliferation, and differentiation. To mimic the fibrous architecture of type I collagen, nano-fibrous matrices have been created in our laboratory using a phase-separation technique of poly(L-lactic acid) (PLLA) solutions. In addition, biodegradable scaffolds with controlled interconnected spherical pore networks have been fabricated in our laboratory. In this work, these two techniques were combined to yield scaffolds with highly interconnected spherical macroporous structures and nano-fibrous architectures. Paraffin spheres were first fabricated with a dispersion method, and were thermally bonded to form an interconnected mold. PLLA solutions were cast over the paraffin sphere assembly and were thermally phase-separated to form nano-fibrous matrices. After leaching out the paraffin, synthetic nano-fibrous extracellular matrices with interconnected spherical pores were yielded. By utilizing this fabrication process, we are able to control the architecture of the scaffolds at several different levels, including the macroscopic shape of the scaffold, the spherical pore size, interfiber distance, and the fiber diameter at the nano-size scale. The inter-pore connectivity could be controlled by varying the heat treatment time of the paraffin spheres, and mechanical properties could be controlled by varying the porosity of the scaffolds. With an interconnected macroporous structure that promotes cell seeding throughout the interstices of the scaffold, and a synthetic collagen-like matrix, these novel matrices may be an excellent scaffold for tissue engineering.